Introduction
============

The incidence of gastric cancer in recent years has been increasing, and surgical resection remains the main treatment ([@b1-etm-0-0-5632]). Pain is the main complication of surgical resection, and a series of chronic injuries occur without timely analgesia, which in turn delays postoperative recovery. Application of analgesic drugs is the main way to relieve pain after surgery. The most commonly used analgesic drugs, the opioid drugs, can act rapidly without the ceiling effect. Therefore, analgesic drugs are preferred in clinical practice ([@b2-etm-0-0-5632]). Currently known opioid receptors can be divided into μ, δ, κ, ε and σ ([@b3-etm-0-0-5632]). Commonly used opioid analgesic drugs mainly include fentanyl, sufentanil and morphine. These drugs achieve analgesic effect by exciting the central μ receptor. However, the application of those drugs can cause skin itching, nausea, vomiting, respiratory depression, urinary retention and other adverse reactions, which in turn negatively affect recovery and reduce a patient\'s satisfaction with surgery ([@b4-etm-0-0-5632]--[@b6-etm-0-0-5632]). κ receptors have analgesic and sedative effects with distinct tolerance and addiction without cross-tolerance with μ receptor. The concentration of κ receptor is high in the spinal cord; thus, the κ receptor agonists induce only light respiratory depression with the ceiling effect. A κ receptor agonist-antagonist, nalbuphine can agitate κ receptor to achieve the analgesic effect, and antagonize the μ receptor to reduce the adverse effects ([@b7-etm-0-0-5632]). Thus, nalbuphine is a good postoperative analgesic drug, and a good antagonist of the adverse reactions caused by opioid drugs.

Different patients have varying pain tolerance and needs for analgesic medication. Patient-controlled intravenous analgesia (PCIA) is the most effective postoperative analgesia among all analgesic approaches currently used in clinical practice ([@b8-etm-0-0-5632]). With PCIA, patients may determine the dose of the analgesic drug themselves, which in turn, significantly improves patients\' satisfaction. Drugs used in PCIA exert analgesic effects and adverse reactions. As the most commonly used PCIA drug, morphine may cause nausea, vomiting, dizziness, drowsiness and other adverse reactions, seriously affecting postoperative recovery and satisfaction with analgesia. Nalbuphine may be used to treat morphine-induced itching ([@b9-etm-0-0-5632]). In addition, apart from its application in adults, nalbuphine may also be used in pediatric surgery as a PCIA drug ([@b10-etm-0-0-5632]).

In this study, patients undergoing subtotal gastrectomy were treated with PCIA using morphine and different doses of nalbuphine. Adverse effects caused by drugs were evaluated. The visual analogue scale (VAS) and Ramsay sedation scores were recorded. The analgesic effect and safety of nalbuphine and morphine were also compared.

Materials and methods
=====================

### General information

A total of 120 patients were selected at the Xiangyang No. 1 People\'s Hospital, Hubei University of Medicine (Hubei, China) from May, 2015 and January, 2017. These patients included 76 males and 44 females, with an age range of 34 to 79 years and an average age of 57.4±13.6 years. Of the 120 patients, 67 cases were diagnosed with gastric cancer, 30 cases with gastroduodenal ulcer bleeding, and 23 cases with gastric ulcer bleeding. Patients allergic to opioid drugs were excluded. Patients with severe coagulation dysfunction, liver and kidney dysfunction, and severe cardiopulmonary disease were also excluded.

Seventy-three patients received Billroth\'s I subtotal gastrectomy, 35 patients received Billroth\'s II subtotal gastrectomy, and 12 cases received gastrointestinal Roux-en-Y anastomosis. Patients were randomly divided into four groups (n=40), including the morphine (MOP), nalbuphine 60 mg (N60), nalbuphine 80 mg (N80) and nalbuphine 100 mg (N100) groups to receive PCIA with different drug doses.

The study was approved by the Ethics Committee of Xiangyang No. 1 People\'s Hospital. All the patients signed informed consent.

### Surgery

The patients were required to learn how to use a self-controlled analgesic pump before surgery. Patients were fasted for 12 h, and water deprivation was then performed for 8 h. For the preoperative preparation, intravenous access was carried out, and the heart rate, blood pressure, ECG, peripheral capillary oxygen saturation (SpO~2~), arterial partial pressure of carbon dioxide (PaCO~2~) and urine volume were monitored. Venous transfusion, oxygen therapy and blood transfusion were performed. Combined spinal-epidural anesthesia was performed whereby epidural puncture was carried out on the region between spine L2 and L3, and 2 ml of 0.5% bupivacaine was injected using lumbar anesthesia needle, followed by epidural catheterization. Billroth\'s I subtotal gastrectomy, Billroth\'s II subtotal gastrectomy and gastrointestinal Roux-en-Y anastomosis were performed. Following surgery, anesthetic infusion was stopped when closing the abdomen. After resuscitation, the analgesic pump was connected. Gastrointestinal decompression, nutritional support, anti-infection, fasting and other treatments were performed according to the patient\'s conditions. The gastric tube was removed after recovery of the gastrointestinal function. Patients were allowed to take liquid food, and then mashed food.

### PCIA

The PCIA drugs were administered as follows: MOP group, morphine 5 µg/kg \[(morphine hydrochloride injection, NEPHARM (Shenyang, China), FDA approval no. H20013351)\]; nalbuphine groups (nalbuphlne hydrochloride; FDA approval no. H20130127; Yichang Humanwell Pharmaceutical Co., Ltd., Hubei, China), N60 group, nalbuphine 60 mg; N80 group, nalbuphine 80 mg; and N100 group, nalbuphine 100 mg. All the drugs were diluted in saline to a total volume of 100 ml. The first dose of PCIA treatment was 2 ml, the background dose was 2 ml/h, PCIA dose was 0.5 ml, and the lockout time was 15 min. Gemstar-7 infusion pump (Abbott Laboratories, Abbott Park, IL, USA) was used and 0.5 ml of drugs were added each time, and the interval time for two additions was ≥10 min. The patients recorded the time and number of PCIA use themselves.

### Observation indicators

Postoperative vital signs and adverse reactions (bleeding, fullness and aching of upper abdomen and vomiting) at 1, 4, 8, 12, 24 and 48 h after operation were recorded. The time and number of the PCIA use were recorded. The VAS ([@b11-etm-0-0-5632]) and Ramsay sedation scores ([@b12-etm-0-0-5632]) were recorded. VAS was scored as 0--10 points, where 0 points represented painless, 10 points represented most severe pain, \<3 points were considered to be a satisfactory effect, 3--4 points were considered to be an accepted effect, and \>5 points were considered to be a poor effect. The Ramsay sedation score was divided into six levels: restless, 1 point; patients were able to follow researchers, were calm and with directional force, 2 points; patients could respond to instructions, 3 points; patients were lethargic, but showed rapid response to stimulus of decibel sound, 4 points; patients were lethargic, and showed slow response to stimulus of decibel sound, 5 points; and patients were lethargic, and showed no response, 0 points. Assessment was performed by an individual blinded to the randomized grouping of the patients.

### Statistical analysis

Statistical analysis was performed using SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA). Measurement data were expressed as mean ± standard deviation. ANOVA analysis was used for comparison between groups. Countable data were expressed as a percentage (%), and comparison of groups was performed using the Chi-square test, Kruskal-Wallis test and Fishers exact probability method. P\<0.05 was considered statistically significant.

Results
=======

### General information of the patient

General information including age, weight and duration of operation are shown in [Table I](#tI-etm-0-0-5632){ref-type="table"}. No significant differences in the general data (age, weight) and operation time were found among the four groups of patients (P\>0.05).

### Postoperative observation indicators

The VAS score of the four groups increased gradually from 1 to 8 h after surgery, and the peak was reached at 8 h, followed by a decrease. The VAS score of the three nalbuphine groups was significantly lower than that of the MOP group at 1 h after operation, indicating that the analgesic effect of nalbuphine was superior than that of morphine. However, no significant differences in the analgesic effect were found among the four groups from 1 to 48 h after operation (P\>0.05) ([Table II](#tII-etm-0-0-5632){ref-type="table"}).

The Ramsay sedation score of the four groups gradually decreased from 1 to 12 h after operation. The decrease became more significant from 24 to 48 h after operation, indicating the revival of anesthesia at 24 h after operation. The Ramsay scores of the three nalbuphine groups were lower than that of the MOP group from 1 to 48 h after operation, but significant difference was only found at 48 h (P\<0.01), indicating the analgesic effect of nalbuphine was superior than that of morphine at 48 h after operation ([Table III](#tIII-etm-0-0-5632){ref-type="table"}).

### Time and number of the use of PCIA

Patients received PCIA after surgery. The average time of the first use of PCIA was significantly longer in the three nalbuphine groups than in the MOP group (P\<0.05), indicating the lower degree of pain of patients in the nalbuphine groups than in the MOP group. No significant differences in the average time of the first use of PCIA were found among the three nalbuphine groups ([Fig. 1](#f1-etm-0-0-5632){ref-type="fig"}). The average number of the use of PCIA in MOP, N60, N80 and N100 groups were 5.3±2.1, 3.8±2.6, 3.2±1.7 and 2.9±1.5, respectively. The number of the use of PCIA was larger in the MOP group than in the nalbuphine groups (P\<0.05). In the three nalbuphine groups, the use of PCIA decreased along with the increase of the dose of nalbuphine.

### Postoperative complications and adverse reactions

The patients were treated with gastric tube and nasal nutrition tube, and abdominal drainage tube was used for 32 cases. Postoperative complications were found in 25 cases, including anastomotic fistula in 6 cases, delayed gastric emptying in 5 cases, incision infection in 8 cases, and gastric hemorrhage in 6 cases. No significant differences in the incidence of postoperative complications were found among the groups (χ^2^=1.7684, P=0.6218).

Adverse reactions included 3 cases of skin itching (1 case in the MOP group, 1 case in the N60 group, and 1 case in the N100 group), 5 cases of nausea and vomiting (2 cases in the MOP group, 1 case in the N60 group, 1 case in the N80 group, and 1 case in the N100 group), and 2 cases of urinary retention (1 case in the MOP group, and 1 case in the N60 group). Respiratory depression or dizziness was not found in patients. No significant differences in the incidence of postoperative complications were found between the nalbuphine groups and the MOP group. All the patients recovered after proper treatment. Calculation using Fisher\'s exact probability method showed P=0.6918, indicating that there was no significant difference in the incidence of postoperative adverse reactions among the groups ([Table IV](#tIV-etm-0-0-5632){ref-type="table"}).

Discussion
==========

Postoperative analgesia is extremely important after surgery. Opioid drugs are the most widely used analgesic drugs with good effects, but they can cause adverse reactions including nausea, vomiting and urinary retention, which in turn affect postoperative rehabilitation ([@b13-etm-0-0-5632]). As a novel opioid κ receptor agonist-antagonist, nalbuphine can agitate the κ receptor to achieve an analgesic effect, and antagonize the μ receptor to reduce the incidence of adverse reactions. The half-life of nalbuphine in blood was 2.3 h, which was longer than that of morphine (1.7 h). Effective concentration may be reached after sustained infusion of nalbuphine to produce a sustained analgesic effect ([@b14-etm-0-0-5632]). In this study, the VAS scores of the nalbuphine groups was lower than that of the MOP group, and the time of the first use of PCIA was longer than that of MOP group, indicating the analgesic effects of nalbuphine were superior to morphine, but did not achieve significant differences. Results of this study and previous studies showed better analgesic effects compared with morphine ([@b15-etm-0-0-5632],[@b16-etm-0-0-5632]). Postoperative complications included anastomotic fistula in 6 cases, delayed gastric emptying in 5 cases, incision infection in 8 cases, and gastric hemorrhage in 6 cases. Adverse reactions included skin itching in 3 cases, nausea and vomiting in 5 cases, and urinary retention in 2 cases. Respiratory depression or dizziness was not observed in patients. Consistent with previous findings, nalbuphine as a PCIA drug has no significant difference in safety compared with morphine ([@b15-etm-0-0-5632]).

In conclusion, nalbuphine as a PCIA drug in subtotal gastrectomy can achieve satisfactory analgesic effect. Compared with morphine, the incidence of adverse reactions was reduced, indicating superior safety.

![The time of the first use of patient-controlled intravenous analgesia (PCIA). PCIA was performed by patients themselves after surgery using analgesic pump. morphine 5 µg/kg, nalbuphine 60 mg, nalbuphine 80 mg, nalbuphine 100 mg. The time of the first use of PCIA was recorded.](etm-15-02-1910-g00){#f1-etm-0-0-5632}

###### 

General information of the patient (mean ± standard deviation).

  Items               Age (years)   Weight (kg)   Operation time (min)
  ------------------- ------------- ------------- ----------------------
  MOP group (n=30)    51.6±17.6     57.5±9.6      74.2±25.4
  N60 group (n=30)    53.1±15.7     56.4±10.3     69.7±23.3
  N80 group (n=30)    55.3±13.9     59.6±12.5     75.1±19.3
  N100 group (n=30)   52.7±14.2     54.3±11.7     71.7±27.6
  F-value             0.304         1.193         0.310
  P-value             0.822         0.3169        0.818

MOP, morphine.

###### 

Postoperative VAS scores of the four groups of patients.

  Items        1 h         4 h         8 h                                                       12 h        24 h        48 h
  ------------ ----------- ----------- --------------------------------------------------------- ----------- ----------- -----------
  MOP group    0.75±0.52   1.56±0.73   2.16±1.21^[a](#tfn3-etm-0-0-5632){ref-type="table-fn"}^   1.93±0.96   1.35±0.65   0.94±0.65
  N60 group    0.67±0.47   1.25±0.91   1.94±1.13                                                 1.83±0.87   1.27±0.92   0.89±0.42
  N80 group    0.57±0.44   1.19±0.84   1.85±0.72                                                 1.76±1.15   1.21±0.84   0.78±0.51
  N100 group   0.40±0.51   1.27±0.75   1.97±0.85                                                 1.86±1.03   1.23±0.78   0.83±0.54
  F-value      2.730       1.246       1.537                                                     0.147       0.178       0.508
  P-value      0.047       0.296       0.209                                                     0.932       0.911       0.678

MOP, morphine; VAS, visual analog scale.

Statistically significant.

###### 

Postoperative Ramsay sedation scores of the four groups of patients.

  Items        1 h         4 h         8 h         12 h        24 h        48 h
  ------------ ----------- ----------- ----------- ----------- ----------- -----------
  MOP group    2.54±0.73   2.38±0.65   2.31±0.58   2.27±0.49   1.76±0.67   1.21±0.34
  N60 group    2.38±0.81   2.32±0.69   2.28±0.53   2.15±0.43   1.57±0.52   0.97±0.46
  N80 group    2.29±0.65   2.25±0.57   2.17±0.45   2.05±0.38   1.59±0.43   1.03±0.31
  N100 group   2.17±0.54   2.11±0.65   2.03±0.48   1.95±0.52   1.48±0.39   0.87±0.35
  F-value      1.532       0.823       1.839       2.682       1.553       4.485
  P-value      0.210       0.484       0.144       0.050       0.205       0.005

MOP, morphine.

###### 

Postoperative complications and adverse reactions.

  Variables                         MOP   N60   N80   N100
  --------------------------------- ----- ----- ----- ------
  Postoperative complications                         
    Anastomotic fistula             2     1     2     1
    Delayed gastric emptying        1     2     1     1
    Incision infection              2     3     1     2
    Gastric hemorrhage              2     2     2     0
    Total                           7     8     6     4
  Postoperative adverse reactions                     
    Skin itching                    1     1     0     1
    Nausea and vomiting             2     1     1     1
    Urinary retention               1     1     0     0
    Total                           4     3     1     2

MOP, morphine.

[^1]: Contributed equally
